Background: Head and neck squamous cell carcinoma (HNSCC) is a debilitating and deadly disease largely due to late stage diagnosis. Prior work indicates that soluble CD44 (solCD44) and total protein may be useful diagnostic markers for HNSCC. In this study we combine the markers solCD44, IL-8, HA, and total protein with demographic and risk factor data to derive a multivariate logistic model that improves HNSCC detection as compared to our previous data using biomarkers alone. Methods: We performed the solCD44, IL-8, HA, and total protein assays on oral rinses from 40 HNSCC patients and 39 controls using ELISA assays. Controls had benign diseases of the upper aerodigestive tract and a history of tobacco or alcohol use. All subjects completed a questionnaire including demographic and risk factor data. Results: Depending on cancer subsite, differences between cases and controls were found for all markers. A multivariate logistic model including solCD44, total protein and variables related to smoking, oral health and education offered a significant improvement over the univariate models with an AUC of 0.853. Sensitivity ranged from 75-82.5% and specificity from 69.2-82.1% depending on predictive probability cut points. Conclusion: A multivariate model, including simple and inexpensive molecular tests in combination with risk factors, results in a promising tool for distinguishing HNSCC patients from controls. Impact: In this case-control study, the resulting observations led to an unprecedented multivariate model that distinguished HNSCC cases from controls with better accuracy than the current gold standard which includes oral examination followed by tissue biopsy. Since the components are simple, noninvasive, and inexpensive to obtain, this model combining biomarkers, risk factor and demographic data serves as a promising prototype for future cancer detection tests.
Introduction
Each year 50 000 individuals in the United States [1] and more than 600,000 worldwide [2] are diagnosed with head and neck squamous cell carcinoma (HN-SCC). The main risk factors, smoking, alcohol use and human papillomavirus (HPV) infection [3] are very common. Thus millions are at risk for the disease. Yet screening is suboptimal. Consequently, most patients are diagnosed in late stage when 5-year relative survival rates reach only 30 percent.
There is currently no acceptable early detection test for HNSCC [4] . Adjunctive techniques for oral cancer detection are available, but whether they improve early detection rates remains unclear. Conventional oral examination, followed by tissue biopsy is the goldstandard for oral cancer screening, but lacks sensitivity and specificity and is costly [5] . Therefore, several studies have tested saliva for RNA expression profiles [6] , microRNA discovery [7] and proteomic analysis [8] . While such molecular investigations have yielded promising results, none has been validated in large trials.
Our work focuses on cancer-related markers that can be measured simply and inexpensively [9] . CD44 is overexpressed in normal versus dysplastic and malignant upper aerodigestive tract (UADT) mucosa [10] and is involved in tumorigenesis [11] . Its soluble form (solCD44) is a major ligand for hyaluronic acid (HA). Interleukin-8 (IL-8) and total protein levels are all increased in saliva and/or oral rinses from HNSCC patients compared to controls [12, 13] . Each of these markers is fairly stable and easily measured with ELISA and ELISA-like assays, detection platforms that are highly validated and widely used [14] . Our prior work shows that the combination of solCD44 and total protein results in a test that distinguishes cancer patients from controls with high accuracy. To improve the test further we assessed additional markers IL-8 and HA as well as demographic and risk factor data, since these can affect biomarker levels [15] . Then, using multivariate analysis, we derived a model combining the most significant biomarkers, demographic and risk factor data that distinguished cancer from benign disease with higher accuracy than any combination of the biomarkers alone.
Materials and methods
Subjects were recruited and consented for the study according to the Institutional Review Board approved protocol from the University of Miami Sylvester Comprehensive Cancer Center, University of Miami Hospital and Clinics (UM/SCCC), and Jackson Memorial Hospital (JMH) otolaryngology clinics. All experiments were undertaken with the understanding and written consent of each subject and conform to The Code of Ethics of the World Medical Association (Declaration of Helsinki). Subjects completed a questionnaire that included demographic data as well as patient's behavioral risk factors and socioeconomic status (SES). HNSCC patients had biopsy-proven squamous cell carcinoma of the oral cavity (OC), oropharynx (OP), larynx (L), or hypopharynx (H). Controls included 39 consecutively enrolled individuals (16 from a prior study) [16] with a history of tobacco and/or alcohol use who were treated for benign diseases of the UADT. Cases included 40 consecutively enrolled, newly diagnosed HNSCC patients. Squamous cell carcinomas of the nasopharynx, paranasal sinuses, esophagus or salivary glands were also excluded, as were pregnant women and subjects with HIV infection.
Oral rinses were collected using previously published procedures [16] . Levels of solCD44 (normal and variant isoforms) were measured using a sandwich ELISA assay (Bender MedSystems), with previously published modifications [16] . The HA test uses a competitive binding principle where the HA coated on a microtiter plate competes with HA present in a subjects'saliva (10) . We modified the test to correct for matrix effects as previously described for the solCD44 assay [16] . An ELISA kit was used for IL-8 (R&D Systems, Inc.) according to the manufacturer's protocol. We performed the protein assay (Bio-Rad Laboratories) according to the manufacturer's protocol using saliva samples prepared as previously published [16] . Each sample was tested in triplicate, concentrations were averaged and the absorbances read in a microplate reader (Bio-Rad Laboratories). Concentrations were determined by a standard curve.
Statistical analyses were performed with the SAS software, version 9.2 (SAS Institute, Inc.). We compared patient groups with respect to the distribution of potentially important covariates using the chi-square test for categorical data. If indicated by small expected values, Fisher's exact test was used instead of chisquare test. Data on the four markers were log base-2 transformed to stabilize estimates of variance and improve the fit to the normal distribution. Continuous data were analyzed using Analysis of variance (ANOVA) followed by Fisher's least-significant-difference test for pairwise mean comparison, and tests of pre-specified contrasts. Univariate and multivariate logistic regression analyses were used to assess the effect of markers on risk for HNSCC. We report odds ratio estimates with corresponding 95% confidence interval (95% CI) and area under the curve (AUC) of the receiver operating characteristic (ROC) plots for fitted models. Also, we report estimates of sensitivity, specificity, and accuracy derived from a fitted multivariate model which included significant interactions between markers and covariates.
Results
Demographics of the study participants are summarized in Table S1 . The groups did not differ statistically in regards to gender, race, ethnicity, health insurance, smoking status, alcohol intake and number of teeth removed. The groups did differ significantly in age (cases were older, P = 0.001), education (cases were less educated, P = 0.007), and ability to gargle (cases had poorer gargle, P = 0.004). The data on income showed cases with significantly lower income. Since 25% of cases and 10% of controls had missing data on this variable, it was not used in subsequent analyses. Table S2 also shows cancer-specific characteristics among the cases.
Comparisons of the marker means of the log base-2 transformed data by group are shown in Table 1 . OC and OP cancer cases and controls were significantly different with respect to all four markers with the exception of HA for OP cancer; however, no differences were found when comparing L/H cases and controls with respect to these markers. The comparison of all cases versus controls reached statistical significance at the 5% level for log 2 CD44 and log 2 total protein, but was borderline significant for IL-8 (P = 0.058) and not significant for HA (P = 0.107).
Mean marker level comparisons between group (cases versus controls) when key variables are considered are reported in Table 1 . When smoking history was considered, log 2 solCD44 was significantly higher in all subgroups of cases compared to controls for never smokers (P = 0.0002) but not ever smokers (P = 0.546). Similarly, when oral health was considered, mean log 2 solCD44 and log 2 total protein were significantly higher in OC and OP cases than in controls in subjects with five or fewer teeth removed (CD44: P = 0.0008, total protein: P = 0.001) but was not higher when subjects had 6 or more teeth removed (CD44: P = 0.790, total protein: P = 0.838). There were no differences between groups based on the following variables: ethnicity, alcohol use, education, gargle, and health care coverage. Significant within group differences were seen in cancer patients (Table 1) , for log 2 solCD44 by disease site (lower for L/H than OP), for log 2 HA by disease site (lower for L/H than OC and lower for OP than OC) and for log 2 IL-8 by disease site (lower for L/H than OC and OP), and node status (lower for N0/Nx L/H compared to OC and lower for N0/Nx than N1-3 within OP cancer). Among controls (Table 1, column 5), differences in means were significant for log 2 solCD44 by smoking history (lower in never than in ever smoke) and by number of teeth removed (lower in 5 or less compared to 6 or more), and for log 2 total protein by number of teeth removed (lower in 5 or less compared to 6 or more).
Univariate odds ratios and the predictive ability of the logistic models are shown in Table 2 . Univariately, all markers seemed to have some predictive ability. A complete logistic model including all markers, smoking, interaction of log 2 solCD44 and smoking, teeth removed, interaction of log 2 total protein and teeth removed, gender, ethnicity, education, health coverage, alcohol use and gargle ability was computed. The only significant terms were log 2 solCD44, smoking, log 2 solCD44 and smoking interaction, log 2 total protein, log 2 total protein and teeth removed interaction, and education.
We also specifically tested whether there was an effect modification of age and/or gender. The ages were stratified as 55 and > 55 and a three-way ANOVA of group, coded age, and gender with main effects and all two-way interactions were performed for solCD44, log2 solCD44, and protein. None of the interactions was significant, indicating that there was no effect modification by age or gender in this data set.
To help clarify the interactions, we report in Table 2A odds ratios for log 2 solCD44 effect within smoking categories and odds ratios for log 2 total protein within teeth removed categories. As expected, the effect of log 2 solCD44 is significant only among never smokers, and the effect of log 2 total protein is significant only among those having had five or fewer teeth removed. The area under the ROC curve for the multivariate model is 0.853, which is a significant improvement over the univariate models. Two choices for cutpoints were chosen that resulted in the best estimates for determining sensitivity and specificity (Table 2B) , providing up to 82.1% specificity and 75% sensitivity (cut point of 0.547) or sensitivity as high as 82.5%, with corresponding specificity of 69.2% (cut point of 0.509).
Bivariate cross tabulations of gargle, number of teeth removed, smoking and alcohol by patient group (3 sites and controls) were made. The only statistically significant association was between gargle and patient group. However, mean marker levels differences by gargle categories (good versus poor/fair) within patient group 
(12) a CD44 in ng/ml, total protein in mg/ml, HA in ng/ml, and IL-8 in pg/ml. b P -value for contrast comparing all cases v. controls. Same number identifies pairwise mean comparisons significant at P < 0.05 by Fisher's least-significant-difference test. For example, for log 2 solCD44 within never smoke (second panel) the mean for controls was significantly lower than the means for each disease site (1, 2, 3), and there were no significant differences among disease sites. Mean comparisons between patient groups by the following variables -ethnicity, alcohol use, education, gargle, and health care coverage -were not statistically significant at the 5% level. c Category 'Never' defined as having smoked < 100 cigarettes in lifetime or quit 10 years ago.
were not significant. Since impaired gargle is more likely caused by the tumor rather than a risk factor for the tumor, gargle ability was not included in the model.
We also performed multivariate logistic regression analyses by cancer site and stage as shown in Table S3 . It is clear that the relative size of the Odds Ratios within subgroups and the associated significance levels are comparable to the overall multivariate model.
Discussion
HNSCC is a multifactorial disease marked by racial, gender and SES disparities [17] . Biomarker levels may differ based on certain demographic or risk variables [15] . Therefore, in order to better discriminate cancer patients from controls, we created a preliminary model that combines these important variables with promising biomarkers. In our model, we found better discrimination power (75-82.5% sensitivity and 69.2-82.1% specificity, AUC = 0.853) than the current gold standard of physical exam followed by biopsy (sensitivity 64%, specificity 74%) [18] . This study is unique and important because we show that specific demographics and risk factors can be incorporated into the combined marker model (CD44 and total protein) to improve accuracy of the test.
Although the study size is relatively small there are several mitigating factors in support of the findings. First, the sample sizes of cases and controls are virtually equal (40 and 39) which leads to maximum power among the statistical comparisons for this total sample size of 79 patients. Second, all the subgroup comparisons, including the ones performed by cancer site and stage (Table S3) are consistent among themselves and with the published literature. Finally, the areas under the curve for the various predictions models are uniformly high (∼ 85%) and sensitivity ranges from 75%-83% and specificity from 69% to 82%. Thus, we feel that the findings reported in this manuscript are both internally and externally consistent in spite of relative small total sample size.
While this work is preliminary, we envision that a similar type of test combining solCD44 and total pro- , log 2 total protein, smoking status, teeth removed, education, interaction log 2 CD44 by smoking status, and interaction log 2 total protein by teeth removed. The effect of log 2 solCD44 is reported by smoking categories because the corresponding interaction was significant (P = 0.010); likewise, the effect of log 2 total protein is reported by number of teeth removed because the corresponding interaction was also significant (P = 0.008). The inclusion of log 2 HA, log 2 IL-8, and age in the model were tested and none reach statistical significance at the 5% level, therefore they were dropped from the model. d Low = grades 1-12 or GED or HSG, High = college, completed or not. Note: Using log2-transformed data, the odds ratio estimates represent the change in risk corresponding to a two-fold increase in the original variable.
tein with easily determined demographic and risk factor data could be performed in a clinical setting. Combined results above a predetermined cutoff point, would be referred to a specialist for examination, biopsy, and treatment. Those without identifiable lesions would be followed up with regular oral rinse tests and physical exam. Furthermore, they would be encouraged to stop smoking and optimize their oral health, since it is possible for premalignant lesions to regress [19] . ELISAs such for solCD44 are quite inexpensive and total protein can be measured for mere pennies a sample. Since economically disadvantaged groups suffer disproportionately from this disease, an inexpensive, easily accessible test is crucial. Despite the need for a multi-institutional validation to test whether the significant findings related to tobacco and tooth loss (a surrogate for oral health) in this small cohort hold true, these findings are consistent with our prior published work [20] . We analyzed 102 HNSCC patients and 84 control subjects using the same tests. The latter study data on solCD44 for controls suggested a trend towards association between higher solCD44 levels and current tobacco use (P = 0.07) that was lost when cancer patients were concerned (P = 0.46). In addition, there are some studies suggesting that smoking may affect circulating levels of CD44 isoforms, and that those levels decline rapidly even within 4 weeks of smoking cessation (P < 0.001) [21, 22] . In order to investigate the true meaning of these findings, we have an ongoing study that will determine how changes in oral rinse solCD44 and protein levels correlate with smoking cessation status.
Tobacco exposure and poor oral health are both known potential risk factors for HNSCC [23, 24] . Since solCD44 and total protein levels were elevated in controls with histories of heavy smoking or poor oral health, they may be indicators of very early tumorigenesis. Premalignancy and early malignancy of the UADT are often occult [25] and CD44 is a tumor initiation marker [26] ; thus our test may actually have higher accuracy than reported here. In fact, we have shown in prior work that the test is effective at detecting early disease [16] . To better understand the relationship between these markers and early disease, we are currently following subjects with leukoplakia over time.
The addition of HA and IL-8 did not improve the model, though these markers have shown promise in other studies [6, 13, 27] . Our results do suggest that IL-8 levels are associated with more aggressive disease (lymph node metastases). This corroborates work by Gokhale et al. [28] that found serum levels of IL-8 were elevated in patients with metastatic or recurrent HN-SCC (P = 0.03 and P = 0.001, respectively) compared to healthy controls. Further work investigating IL-8 and HA with larger numbers of subjects may show a benefit.
Since HPV is an important risk and prognostic factor for oropharyngeal HNSCC we analyzed results based on tumor site (Table 1 ). All marker levels, with the exception of total protein, were correlated with site of disease, with higher levels found in either OC or OP compared to L and H. However, in this small sample, accuracy of the test did not differ based on tumor site (OC/OP versus L/H). The incidence of HNSCC involving the tongue and tonsils has increased compared to HNSCC at other sites which have actually remained constant or decreased [29] . HPV is such a major contributor to current HNSCC etiology that we have decided to focus primarily on oral cavity and oropharynx cancers in our ongoing study.
A modeling approach using simple and inexpensive tumor markers, solCD44 and total protein, along with risk factor and demographic data shows great promise in this pilot dataset. Investigations are underway to optimize the modeling approach described here in larger clinic-based cohorts. 
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